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(57) Abstract 

An anode includes an anode cup 1 202), a membrane (208) and ion source material (206), the anode cup (202) and membrane (208) 
forming an enclosure in which the ion source material (206) is located. The anode cup (202) includes a base section (216) having a central 
aperture (214) and the membrane (208) also has a central aperture (207). A jet (200) is passed through the central aperture (214) of the 
base section (216) of the anode cup (202) and through the membrane (208) allowing piating solution to be directed at the center of a wafer 
being electroplated. 
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5 

CROSS REFERENCE TO RELATED APPLICATION 

This application is related to Patton et al . , co- 
filed Application Serial No. [Attorney Docket No. M- 
10 4269 US] , Reid et al . , co-filed Application Serial No. 
[Attorney Docket No. M-4275 US], and Contolini et al . , 
co-filed Application Serial No. [Attorney Docket No. M- 
4898 US] , all of which are incorporated herein by 
reference in their entirety. 

15 

FIELD OF INVENTION 

The present invention relates generally to 
electroplating and more particularly an anode for an 
electroplating system. 

20 

BACKGROUND OF THE INVENTION 

The manufacture of semiconductor devices often 
requires the formation of electrical conductors on 
semiconductor wafers. For example, electrically 
25 conductive leads on the wafer are often formed by 

electroplating (depositing) an electrically conductive 
material such as copper on the wafer and into patterned 
trenches . 

Electroplating involves making electrical- contact 
30 with the wafer surface upon which the electrically 
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conductive layer is to be deposited (hereinafter the 
"wafer plating surface"). Current is then passed 
through a plating solution (i.e. a solution containing 
ions of the element being deposited, for example a 
5 solution containing Cu ++ ) between an anode and the wafer 
plating surface (the wafer plating surface being the 
cathode) . This causes an electrochemical reaction on 
the wafer plating surface which results in the 
deposition of the electrically conductive layer. 
10 Generally, electroplating systems use soluble or 

insoluble anodes. Insoluble anodes tend to evolve 
oxygen bubbles which adhere to the wafer plating 
surface. These oxygen bubbles disrupt the flow of ions 
and electrical current to the wafer plating surface 
15 creating nonunif ormity in the deposited electrically 

conductive layer. For this reason, soluble anodes are 
frequently used. 

Soluble anodes are not without disadvantages. One 
disadvantage is that soluble anodes, by definition, 
20 dissolve. As a soluble anode dissolves, it releases 
particulates into the plating solution. These 
particulates can contaminate the wafer plating surface, 
reducing the reliability and yield of the semiconductor 
devices formed on the wafer. 
25 one conventional technique of reducing particulate 

contamination is to contain the soluble anode in a 
porous anode bag. However, while preventing large size 
particulates and chunks from being released into the 
plating solution, conventional ancde bags fail to 
3 0 prevent smaller sized particulates from entering the 



-2- 



WO 99/25902 



PCT/US 98/22826 



plating solution and contaminating the wafer plating 
surface . 

Another conventional technique of reducing 
particulate contamination is to place a filter between 
5 the anode and the article to be electroplated as set 
forth in Reed, U.S. Patent No. 4,828,654 (hereinafter 
Reed) . Referring to FIG. 2 of Reed, filters 60 are 
positioned between anode arrays 2 0 and a printed 
circuit board 50 (PCB 50) . Filters 60 allows only 

10 ionic material of a relatively small size, for example 
one micron, to pass from anode arrays 20 to PCB 50. 
While allowing relatively small size particulates to 
pass through, filters 60 trap larger sized particulates 
avoiding contamination of PCB 50 from these larger 

15 sized particulates. Over time, however, filters 60 
become clogged by these larger sized particulates. 

To reduce clogging of filters 60, Reed provides a 
counterflow of plating solution through filters 60 in a 
direction from PCB 50 towards anode arrays 20. This 

20 counterflow tends to wash some of the larger sized 

particulates from filters 60. However, even with the 
counterflow, eventually filters 60 become clogged. To 
allow servicing of filters 60, retaining strips 66 and 
support strips 68 allow filters 60 to be removed and 

25 cleaned when filters 6 0 eventually become clogged. 

Although providing a convenient means of cleaning 
filters 60, removal of filters 60 necessarily releases 
the larger sized particulates from within the vicinity 
of anode arrays 2 0 into the entire system and, in 

30 particular, into the vicinity where PCBs 50 are 
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electroplated. Even after filters 60 are cleaned and 
replaced, this contamination of the system can cause 
contamination of a subsequently electroplated PCB 50 
reducing the reliability and yield of the printed 
5 circuit boards. Further, even with filters 60, 
particulates accumulate on receptacle 14 in the 
vicinity of anode arrays 2 0 and the system must 
periodically be shut down and drained of plating 
solution to clean these particulates from receptacle 
10 14. 

In addition to creating particulates, a soluble 
anode changes shape as it dissolves, resulting in 
variations in the electric field between the soluble 
anode and the wafer. Of importance, the thickness of 
15 the electrically conductive layer deposited on the 

wafer plating surface depends upon the electric field. 
Thus, variations in the shape of the soluble anode 
result in variations in the thickness of the deposited 
electrically conductive layer across the wafer plating 

2 0 surface. However, it is desirable that the 

electrically conductive layer be deposited uniformly 
(have a uniform thickness) across the wafer plating 
surface to minimize variations in characteristics of 
devices formed on the wafer. 
25 Another disadvantage of soluble anodes is 

passivation. As is well known to those skilled in the 
art, the mechanism by which anode passivation occurs 
depends upon a variety of factors including the process 
conditions, plating solution and anode material. 

3 0 Generally, anode passivation inhibits dissolution of 
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the anode while simultaneously preventing electrical 
current from being passed through the anode and should 
be avoided. 

5 SUMMARY OF THE INVENTION 

In accordance with the present invention an anode 
includes an anode cup, a membrane and ion source 
material. The anode source material is located in an 
enclosure formed by the anode cup and membrane . The 

10 anode cup and membrane both have central apertures 

through which a jet (a tube) is passed. During use f 
plating solution flows through the jet. 

By passing the jet through the center of the 
anode, plating solution from the jet is directed at the 

15 center of the wafer being electroplated. This enhances 
removal of gas bubbles entrapped on the wafer plating 
surface and improves the uniformity of the deposited 
electrically conductive layer on the wafer. 

The membrane has a porosity sufficient to allow 

20 ions from the ion source material, and hence electrical 
current, to flow through the membrane. Although 
allowing electrical current to pass, the membrane has a 
high electrical resistance which produces a voltage 
drop across the membrane during use. This high 

25 electrical resistance redistributes localized high 
electrical currents over larger areas improving the 
uniformity of the electric current flux to the wafer 
which, in turn, improves the uniformity of the 
deposited electrically conductive layer on the wafer. 
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In addition to having a porosity sufficient to 
allow electrical current to pass, the membrane also has 
a porosity sufficient to allow plating solution to flow 
through the membrane. However, to prevent particulates 
5 generated by the ion source material from passing 

through the membrane and contaminating the wafer, the 
porosity of the membrane prevents contaminant 
particulates from passing through the membrane. 

Of importance, when the membrane becomes clogged 
10 with particulates, the anode can be readily removed 

from the electroplating system. After removal of the 
anode, the membrane can be separated from the anode cup 
and cleaned or replaced. Advantageously, cleaning of 
the membrane is accomplished outside of the plating 
15 bath and, accordingly, without releasing particulates 
from inside of the anode into the plating bath. 

In one embodiment, the jet includes a plating 
solution inlet through which plating solution flows 
from the jet into the enclosure formed by the anode cup 
2 0 and membrane and across the ion source material. The 

flow of plating solution across the ion source material 
prevents anode passivation. The plating solution then 
exits the enclosure via two routes. First, some of the 
plating solution exits through the membrane. As 
25 discussed above, contaminant particulates generated as 
the ion source material dissolves do not pass through 
the membrane and accordingly do not contaminate the 
wafer. Second, some of the plating solution exits 
through outlets located at the top of a wall section of 
30 the anode cup. These outlets are plumbed to an 
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overflow receiver and thus the plating solution which 
flows through these outlets does not enter the plating 
bath and does not contaminate the wafer. Further, by 
locating these outlets at the top of the wall section 
5 of the anode cup, gas bubbles entrapped under the 
membrane are entrained with the exiting plating 
solution and readily removed from the anode. 

These and other objects, features and advantages 
of the present invention will be more readily apparent 
10 from the detailed description of the preferred 

embodiments set forth below taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 FIG- 1 is a diagrammatic view of an electroplating 

apparatus having a wafer mounted therein in accordance 

with the present invention. 

FIG. 2 is a cross - sectional view cf an anode in 

accordance with the present invention. 
20 FIGS. 3 and 4 are cross-sectional views of anodes 

in accordance with alternative embodiments of the 

present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 Several elements in the following figures are 

substantially similar. Therefore similar reference 

numbers are used to represent similar elements. 

FIG. 1 is a diagrammatic view of an electroplating 

apparatus 3 0 having a wafer 3 8 mounted therein in 
3 0 accordance with the present invention. Apparatus 3 0 
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includes a clamshell 32 mounted on a rotatable spindle 
40 which allows rotation of clamshell 32. Clamshell 32 
comprises a cone 34, a cup 3 6 and a flange 48. Flange 
48 has formed therein a plurality of apertures 50. A 
5 clamshell lacking a flange 4 8 yet in other regards 
similar to clamshell 32 is described in detail in 
Patton et al . , co-filed Application Serial No. 
[Attorney Docket No. M-4269] , cited above. A clamshell 
including a flange similar to clamshell 3 2 is described 
10 in detail in Contolini et al . , co-filed Application 
Serial No. [Attorney Docket No. M-48 9S US] , cited 
above . 

During the electroplating process, wafer 3 8 is 
mounted in cup 36. Clamshell 32 and hence wafer 38 are 

15 then placed in a plating bath 42 containing a plating 
solution. As indicated by arrow 46, the plating 
solution is continually provided to plating bath 42 by 
a pump 44. Generally, the plating solution flows 
upwards to the center of wafer 38 and then radially 

2 0 outward and across wafer 3 8 through apertures 5 0 as 
indicated by arrows 52. Of importance, by directing 
the plating solution towards the center of wafer 38, 
any gas bubbles entrapped on wafer 3 8 are quickly 
removed through apertures 50. Gas bubble removal is 

2 5 further enhanced by rotating clamshell 3 2 and hence 
wafer 38. 

The plating solution then overflows plating bath 
42 to an overflow reservoir 56 as indicated by arrows 
54. The plating solution is then filtered (not shown) 
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and returned to pump 4 4 as indicated by arrow 58 
completing the recirculation of the plating solution. 

A DC power supply 60 has a negative output lead 
210 electrically connected to wafer 38 through one or 
5 more slip rings, brushes and contacts (not shown) . The 
positive output lead 212 of power supply 60 is 
electrically connected to an anode 62 located in 
plating bath 42. During use, power supply 60 biases 
wafer 3 8 to have a negative potential relative to anode 
10 62 causing an electrical current to flow from anode 62 
to wafer 38. (As used herein, electrical current flows 
in the same direction as the net positive ion flux and 
opposite the net electron flux.) This causes an 
electrochemical reaction (e.g. Cu ++ + 2e" - Cu) on wafer 
15 38 which results in the deposition of the electrically 
conductive layer (e.g. copper) on wafer 38. The ion 
concentration of the plating solution is replenished 
during the plating cycle by dissolving anode 62 which 
comprises, for example, a metallic compound (e.g. Cu = 
20 Cu ++ + 2e" ) as described in detail below. Shields 53 
and 5 5 (virtual anodes) are provided to shape the 
electric field between anode 62 and wafer 38. The use 
and construction of shields are further described in 
Reid et al . , co-filed Application Serial No. [Attorney 
25 Docket No. M-4275 US] , cited above. 

As shown in FIG . 1, the plating solution is 
provided to plating bath 42 and directed at wafer 3 8 by 
a jet of plating solution indicated by arrow 46. 
Referring now to FIG. 2, a cross -sectional view of 
3 0 anode 62A having a jet 2 00 passing through the center 
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is illustrated. Jet 200 typically consists of a tube 
formed of an electrically insulating material. Anode 
62A comprises an anode cup 202, contact 204, ion source 
material 2 06, and a membrane 208. 
5 Anode cup 202 is typically an electrically 

insulating material such as polyvinyl chloride (PVC) , 
polypropylene or polyvinyl! dene flouride (FVDF) . Anode 
cup 202 comprises a disk shaped base section 216 having 
a central aperture 214 through which jet 200 passes. 

10 An 0-ring 310 forms the seal between jet 200 and base 
section 216 of anode cup 202. Anode cup 202 further 
comprises a cylindrical wall section 218 integrally 
attached at one end (the bottom) to base section 216. 
Contact 204 is typically an electrically 

15 conductive relatively inert material such as titanium. 
Further, contact 2 04 can be fashioned in a variety of 
forms, e.g. can be a plate with raised perforations or, 
as illustrated in FIG. 2, a mesh. Contact 204 rests on 
base section 216 of anode cup 202. Positive output 

20 lead 212 from power supply 60 (see FIG. 1) is formed of 
an electrically conductive relatively inerc material 
such as titanium. Lead 212 is attached, typically 
bolted, to a rod 270 which is also formed of an 
electrically conductive relatively inert material such 

25 as titanium. Rod 270 passes through anode cup 202 to 
make the electrical connection with contact 204. 

Resting on and electrically connected with contact 
204 is ion source material 206, for example copper. 
Ion source material 206 comprises a plurality of 

3 0 granules. These granules can be fashioned in a variety 
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of shapes such as in a spherical, nugget, flake or 
pelletized shape. In one embodiment, copper balls 
having a diameter in the range of 1.0 centimeters to 
2.54 centimeters are used. Alternatively, ion source 
5 material 20 6 comprises an single integral piece such as 
a solid disk of material. During use, ion source 
material 206 electrochemically dissolves {e.g. Cu = Cu 2+ 
+ 2e~) replenishing the ion concentration of the plating 
solution. 

10 Ion source material 206 is contained in an 

enclosure formed by anode cup 20 2, membrane 20 8 and jet 
200. More particularly, membrane 208 is attached, 
typically welded, to a seal ring 312 at a central 
aperture 2 07 of membrane 208 and to a seal ring 314 at 

15 its outer circumference. Seal rings 312, 314 are 

formed of materials similar to those discussed above 
for anode cup 202. Seal ring 312 forms a seal with jet 
200 by an O-ring 316 and seal ring 314 forms a seal 
with a second end (the top) of wall section 218 of 

2Q anode cup 202 by an O-ring 318. By attaching membrane 
208 to seal rings 312, 314, membrane 208 forms a seal 
at its outer circumference with the top of wall section 
218 of anode cup 202 and also forms a seal with jet 200 
at central aperture 207 of membrane 208. Suitable 

2 5 examples of membrane 2 08 include: napped polypropylene 
available from Anode Products, Inc. located in 
Illinois; spunbond snowpro polypropylene and various 
polyethylene, RYTON, and TEFLON materials in felt, 
monofilament, filament and spun forms available from 
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various suppliers including Snow Filtration, 6386 Gano 
Rd. , West Chester, OH. 

In an alternative embodiment, membrane 2 08 is 
itself formed of a material having a sufficient 
5 rigidity to form a pressure fit with wall section 218 
and jet 2 00 and seal rings 312, 314 are not provided. 

Membrane 208 has a porosity sufficient to allow 
ions from ion source material 206, and hence electrical 
current, to flow through membrane 208. Although 

10 allowing electrical current to flow through, membrane 
208 has a high electrical resistance which produces a 
voltage drop across membrane 2 08 from lower surface 209 
to upper surface 211. This advantageously minimizes 
variations in the electric field from ion source 

15 material 2 06 as it dissolves and changes shape. 

As an illustration, absent membrane 208, a region 
of ion source material 2 06 having a high electrical 
conductivity relative to the remainder of ion source 
material 206 would support a relatively high electrical 

20 current. This in turn would provide a relatively high 
electric current flux to the portion of the wafer 
directly above this region of ion source material 206, 
resulting in a greater thickness of the deposited 
electrically conductive layer on this portion of the 

25 wafer. However, by providing electrically resistive 
membrane 208, the relatively high electrical current 
from this region of ion source material 206 
redistributes over a larger area to find the path of 
least resistance through membrane 208. Redistributing 

3 0 the relatively high electrical current over a. larger 
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area improves the uniformity of the electric current 
flux to the wafer which, in turn, improves the 
uniformity of the deposited electrically conductive 
layer. 

5 In addition to having a porosity sufficient to 

allow electrical current to flow through, membrane 208 
also has a porosity sufficient to allow plating 
solution to flow through membrane 208, i.e. has a 
porosity sufficient to. allow liquid to pass through 

10 membrane 208. However, to prevent particulates 

generated by ion source material 206 from passing 
through membrane 2 08 and contaminating the wafer, the 
porosity of membrane 208 prevents large size 
particulates from passing through membrane 208. 

15 Generally, it is desirable to prevent particulates 

greater in size than one micron (1.0 um) from passing 
through membrane 2 08 and in one embodiment particulates 
greater in size than 0.1 [im are prevented from passing 
through membrane 2 08. 

20 Of importance, when membrane 208 becomes clogged 

with particulates such that electric current and 
plating solution flow through membrane 208 is 
unacceptably inhibited, anode 62A can readily be 
removed from plating bath 4 2A. After removal of anode 

25 62A, membrane 208 is separated from anode cup 202 and 
cleaned or replaced. Advantageously, cleaning of 
membrane 2 08 is accomplished outside of plating bath 
42A and, accordingly, without releasing particulates 
from inside of anode 62A into plating bath 42A. This 

3 0 is in contrast to Reed (cite above) wherein cl-eaning of 
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the membrane necessarily releases particulates into the 
bulk of the plating solution. In further contrast to 
Reed, use of anode 62A including anode cup 202 and 
membrane 20 8 prevents particulate accumulation anywhere 
5 on plating bath 42A. 

To prevent anode passivation, plating solution is 
directed into the enclosure formed by anode cup 2 02 and 
membrane 208 and across ion source material 206. As 
those skilled in the art understand, a flow of plating 

10 solution across an anode prevents anode passivation. 
The flow of plating solution into anode cup 202 is 
provided at several locations. 

In this embodiment, jet 200 is fitted with a 
plating solution inlet 220 located between membrane 20 8 

15 and base section 216. A portion of the plating 

solution flowing through jet 200 is diverted through 
inlet 220 and into anode cup 202. To prevent 
inadvertent backflow of plating solution and 
particulates from anode cup 202 into jet 200, inlet 220 

20 is fitted with a check valve which allows the plating 

solution only to flow from jet 200 to anode cup 202 and 
not vice versa. 

Jet 200 is also provided with a plating solution 
outlet 224 which is connected by a tube 23 0 to an inlet 

25 228 on base section 216 of anode cup 202. In this 

manner, a portion of the plating solution from jet 200 
is directed into the bottom of anode cup 202 . Outlet 
224 is fitted with a check valve to prevent backflow of 
plating solution and particulates from anode cup 202 

30 into jet 200 . 
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Jet 200 is also provided with an outlet 232 
connected by a tube 234 to an inlet 23 6 on wall section 
218 of anode cup 202. In this manner, a portion of the 
plating solution from jet 200 is directed into the side 
5 of anode cup 202. Cutlet 232 is fitted with a check 
valve to prevent backflow of plating solution and 
particulates from anode cup 202 into jet 200. 

Although inlets 228, 23 6 on anode cup 202 are 
connected to outlets 2.24, 232 on jet 200, respectively, 

10 in other embodiments (not shown), inlets 228, 236 are 

connected to an alternative source of plating solution. 
For example, inlets 228, 23 6 are connected to a pump 
which pumps plating solution to inlets 228, 236 through 
tubing. Further, although plating solution is provided 

15 to anode cup 202 from inlets 220, 228, 236, in other 
embodiments (not shown) , only one or more of inlets 
220, 228 and 236 are provided. For example, solution 
flow is directed into anode cup 202 through inlet 220 
only and inlets 228, 236 {and corresponding outlets 

20 224, 232, check valves and tubes 230, 234, 

respectively) are not provided. Alternatively, a 
plurality of inlets 220, 228, 236 can be provided. 

Referring still to FIG . 2, the plating solution 
introduced into anode cup 2 02 then flows out of anode 

25 cup 202 via two routes. First, some of the plating 
soluticn flows through membrane 208 and into plating 
bath 42A. As discussed above, the porosity of membrane 
208 allows plating solution to pass through yet 
prevents particulates over a certain size from passing 

30 through {hereinafter referred to as contaminant 
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particulates) . Thus, contaminant particulates 
generated as ion source material 206 dissolves do not 
pass through membrane 2 08 and into plating bath 42A and 
accordingly do not contaminate the wafer being 
5 electroplated. This is in contrast to conventional 

anode bags which allow unacceptably large (e.g. greater 
than 1.0 fim) particulates to pass through. 

In addition to flowing through membrane 2 08, 
plating solution exits through outlets 240, 242 of 

10 anode cup 202. From outlets 240, 242, the plating 

solution flows through tubes 244, 246, though outlets 
248, 250 of plating bath 42A and into overflow 
reservoir 56A. Check valves (not shown) can be 
provided to prevent backflow of plating solution from 

15 overflow reservoir 56A to anode cup 202. From overflow 
reservoir 56A, the plating solution is filtered to 
remove particulates including contaminant particulates 
and then returned to plating bath 42A and jet 200. 

Of importance, plating solution removed from anode 

20 cup 202 through outlets 240, 242 does not directly 

enter plating bath 42A without first being filtered to 
remove contaminant particulates. Thus, outlets 240, 
242 support a sufficient flow of plating solution 
through anode cup 202 to prevent anode passivation to 

2 5 the extent that membrane 208 does not. 

Further, by locating outlets 240, 242 at the 
second end (top) of wall section 218 of anode cup 202, 
gas bubbles entrapped inside of anode cup 2 02, and more 
particularly, gas bubbles entrapped under membrane 208 

3 0 are readily removed to overflow reservoir 56A: 
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Gas bubble removal is further enhanced by shaping 
membrane 20 8 as a frustum of an inverted right circular 
cone having a base at wall section 219 and an apex at 
jet 200. More particularly, by having the distance A 
5 between membrane 208 and base section 216 at wall 
section 218 greater than the distance B between 
membrane 2 08 and base section 216 at jet 20C, gas 
bubbles entrapped under membrane 208 tend to move 
across membrane 208 from jet 200 to wall section 218. 

10 At wall section 218, these gas bubbles become entrained 
with the plating solution flowing through outlets 240, 
24 2 and are removed into overflow reservoir 5 6A. 
Advantageously, these gas bubbles do not enter plating 
bath 42A and travel to the wafer and accordingly do not 

15 create nonunif ormity in the deposited electrically 
conductive layer on the wafer. 

FIG. 3 is a cross- sectional view cf an anode 62B 
and jet 2 00B in accordance with an alternative 
embodiment of the present invention. In this 

2 0 embodiment, anode cup 2 02B has a perforated base 

section 216B comprising a plurality of apertures 256 
extending from a lower surface 219 to an upper surface 
221 of perforated base section 216B. Anode 62B further 
comprises a filter sheet 258 on upper surface 221 of 

25 perforated base section 216B. Contact 204B rests on 

filter sheet 258 and thereby on perforated base section 
216B. Filter sheet 258 readily allows plating solution 
to flow through yet prevents contaminant particulates 
from passing through. 
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During use, plating solution is provided to jet 
20CB. Plating solution is also provided to plating 
bath 42B such that the plating solution flows upwards 
in plating bath 42B towards perforated base section 
5 216B. As the plating solution encounters perforated 

base section 216B, a portion of the plating solution is 
diverted around anode cup 2 02B as indicated by arrows 
254. Further, a portion of the plating solution flows 
through apertures 256,. through filter sheet 258 and 

10 into anode cup 2 02B. The plating solution then flows 
across ion source material 2 0GB preventing anode 
passivation . 

The plating solution then exits anode cup 202B 
through membrane 208B and outlets 240B, 242B as 

15 described above in reference to anode 62A (FIG. 2) . In 
contrast to anode 62A, anode 62B (FIG. 3) allows 
plating solution to directly enter anode cup 2C2B 
without the use of any additional tubing, checkvalves 
and associated inlets/outlets. In addition, there is 

20 greater flexibility in setting the flow rate of plating 
solution through jet 200B since plating solution is 
provided to anode cup 2 02B independent of jet 200B. 

In anodes 62A, 62B of FIGS. 2,3, membranes 208, 
208B enable jets 200, 200B, respectively, to pass 

25 through the center of the anode. Advantageously, this 
allows plating solution from jets 200, 200B to be 
directed at the center of the wafer being 
electroplated, enhancing removal of gas bubbles 
entrapped on the wafer plating surface and improving 

30 the uniformity of the deposited electrically conductive 
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layer on the wafer. This is in contrast to 
conventional anode bags which do not allow the 
possibility of a configuration which passes a jet 
through the middle of the anode. 
5 FIG. 4 is a cross-sectional view of an anode 62C 

and jet 200C in accordance with an alternative 
embodiment of the present invention. In this 
embodiment, jet 2 0 0C does not extend through the center 
of anode 6 2C but extends horizontally from plating bath 

10 42C and curves upwards to direct plating solution at 
the center of the wafer (not shown) being 
electroplated. Accordingly, membrane 208C is a disk 
shaped integral membrane, i.e. does not have an 
aperture through which jet 200C passes. Anode cup 202C 

15 is provided with a perforated base section 216C having 
a plurality of apertures 256C. To prevent anode 
passivation, plating solution, enters anode cup 202C 
through apertures 256C of perforated base section 216C 
and then exits through membrane 208C. 

20 At the second end (top) of wall section 218C of 

anode cup 202C, a shield 55C is located. Shield 55C is 
formed of an electrically insulating material and 
reduces the electric field and electric current flux at 
the edge region of the wafer plating surface. This 

25 reduces the thickness of the deposited electrically 
conductive layer on this edge region of the wafer 
plating surface thus compensating for the edge effect. 
(The edge effect is the tendency of the deposited 
electrically conductive layer to be thicker at the edge 

3 0 region of the wafer plating surface.) The edge effect 
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is described in detail in Contolini et al . , co-filed 
Application Serial No. [Attorney Docket No. M-4 898 US} 
and the use of shields is describe in detail in Reid et 
al. , co-filed Application Serial No. {Attorney Docket 
5 No. M-4275] , both cited above. (Referring to FIG. 2, 
seal rings 312, 314 may also act as shields and reduce 
the electric field and electric current flux to the 
center region and edge region, respectively, of the 
wafer plating surface..) 
10 Illustrative specifications for various 

characteristics of anode 62C, jet 200C and plating bath 
42C shown in FIG. 4 are provided in Table I below. 
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TABLE I 



CHARACTERISTIC 


DESCRIPTION 


SPECIFICATION 


C 


Plating bath 
Diameter 


11.000 In. 


D 


Anode cup 
Diameter 


S.000 In. 


E 


Membrane outside 
Diameter 


8.000 In. 


F 


Jet opening depth 


1.500 In. 


G 


Jet entry depth 


2.000 In. 


H 


Anode cup depth 


3.000. In. 


I 


Anode cup 
thickness 


1.500 In. 


J 


Plating bath 
depth 


4.890 In. 


K 


Plating bath 
total height 


7.051 In. 



Having thus described the preferred embodiments, 
persons skilled in the art will recognize that changes 
5 may be made in form and detail without departing from 
the spirit and scope of the invention. For example, 
although the membrane is described as highly 
electrically resistive, the membrane can be highly 
electrically conductive. Further, the porosity of the 
10 membrane depends upon the maximum acceptance size 

particulates allowable into the plating bath. Thus, 
the porosity of membrane, depending upon the 
application, may allow particulates much greater or 
much less than 1.0 urn in size to pass through. 
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but may or may not allow plating solution to flow 
through. Thus the invention is limited only by the 
following claims. 
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We Claim: 

1. An anode comprising: 

an anode cup; 

a membrane; and 
5 an ion source material, said anode cup and 

membrane forming an enclosure in which said ion source 
material is located. 

2. The anode of Claim 1 wherein said anode cup 
10 comprises a disk shaped base section having a first 

central aperture and said membrane has a second central 
aperture, wherein a jet passes through said first 
central aperture and said second central aperture. 

15 3. The anode of Claim 2 wherein said jet 

comprises an inlet, said inlet being located between 
said membrane and said base section of said anode cup. 

4 . The anode of Claim 3 further comprising a 
2 0 checkvalve at said inlet. 

5. The anode of Claim 2 further comprising a 
first seal ring attached to said membrane at said 
second central aperture, said first seal ring forming a 

25 seal with said jet. 

6. The anode of Claim 1 wherein said membrane is 
disk shaped. 



-23- 



WO 99/25902 



PCT/US98/22826 



7 . The anode of Claim 1 wherein said membrane is 
shaped as a frustum of an inverted right circular cone 
having a base section at said anode cup. 

5 8 , The anode of Claim 1 wherein said anode cup 

comprises a cylindrical wall section and a disk shaped 
base section, a first end of said wall section being 
attached to said base section, a second end of said 
wall section having one or more outlets. 

10 

9. The anode of Claim 8 further comprising a 
second seal ring attached to an outer circumference of 
said membrane, said second seal ring forming a seal 
with said second end of said wall section. 

15 

10. The anode of Claim 1 further comprising a 
contact electrically connected with said icn source 
material . 

20 11. The anode of Claim 10 wherein said contact is 

a mesh of electrically conductive material. 

12. The anode of Claim 11 wherein said contact is 
titanium mesh. 

25 

13 . The anode of Claim 10 wherein said contact is 
a plate with raised perforations. 
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14. The anode of Claim 10 further comprising a 
rod passing through said anode cup, said rod being 
electrically connected to said contact. 

5 15 . The anode of Claim 1 wherein said ion source 

material comprises copper. 

16. The anode of Claim 1 wherein said ion source 
material comprises a plurality of granules. 

10 

17. The anode of Claim 1 wherein said ion source 
material is a single integral piece. 

18 . The anode of Claim 1 wherein said anode cup 
15 comprises an inlet on a base section of said anode cup. 

19. The anode of Claim 1 wherein said anode cup 
comprises an inlet on a wall section of said anode cup. 

20 20. The anode of Claim 1 wherein said anode cup 

comprises a base section having a plurality of 
perforations extending from a first surface to an 
second surface of said base section. 

25 21. The anode of Claim 20 further comprising a 

filter sheet on said second surface of said base 
section . 
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22. The anode of Claim 21 further comprising a 
contact on said filter sheet, said ion source material 
being electrically connected to said contact. 

23. A method of preventing anode passivation 
comprising the steps of: 

providing an anode comprising an anode cup, a 
membrane and ion source material, said ion source 
material being located, in an enclosure formed by said 
anode cup and said membrane; and 

introducing plating solution into said enclosure 
and across said ion source material, wherein at least a 
first portion of said plating solution introduced into 
said enclosure exits said enclosure through said 
membrane . 

24. The method of Claim 23 wherein said membrane 
has a porosity, said porosity being sufficient to 
prevent particulates larger than a predetermined size 
from passing through said membrane. 

25. The method of Claim 23 wherein said anode cup 
comprises at least one plating solution outlet, wherein 
at least a second portion of said plating solution 
introduced into said enclosure exits said enclosure 
through said plating solution outlet. 

26. The method of Claim 25 further comprising the 
step of removing gas bubbles from said enclosure 
through said at least one plating solution outlet. 
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Fig. 3 
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